In the present feeding trial, responses of laying hens that were kept at high ambient temperature and Fed with various dietary ratios of linoleic acid (LNA) to α-linolenic acid (ALA) and vitamin A levels on production performance and egg quality traits were evaluated. A total of 360 Leghorn laying hens at 40th week of age (average initial body weight; 1.79 ± 0.23 kg) were fed with various combinations of canola oil and linseed oil containing diets to achieve LNA to ALA dietary ratios of 20:1, 10:1, 4:1, 2:1, 1:1 and 1:2, each supplemented with 3000 or 10000 IU of vitamin A/kg of diet. The experiment was designed as a 6×2 factorial Completely Randomized Design that continued for 12 weeks. Feed intake, body weight gain, egg production and egg quality traits were recorded during the trial. Decreasing dietary LNA to ALA ratio or increasing poly unsaturated fatty acids (PUFA) in the diet decreased (P<0.05) body weight gain and yolk percentage in laying hens. Feed intake, hen-day and hen-housed egg production, feed conversion ratio (FCR) per dozen of eggs and shell quality remained unaffected (P>0.05) by dietary treatments. Feed conversion ratio per kg eggs, egg weight and egg-shell thickness showed a curvilinear (P<0.05) response to decreasing dietary LNA to ALA ratio. Although the dietary ratio of LNA to ALA of 4:1 or less could produce eggs by the hens with desirable quantities of n-6 and n-3 PUFA -that are characteristics of functional diets -the performance of laying hens in terms of body weight gain and egg-yolk percentage was slightly compromised. Therefore, a 4:1 or 2:1 LNA to ALA combination can make a borderline between the production traits and the feed economics.
1.Introduction
t here has been an increasing interest on the role of polyunsaturated fatty acids (PUFA) such as linoleic acid (LNA; n-6 PUFA) and α-linolenic acid (ALA; n-3 PUFA), since these hold the prime importance as being the precursors of long chain PUFA in the human diets [1] . the necessity of these two PUFAs as a part of functional foods [2] , and their role in the propagation or inhibition of certain diseases has been well established [3] [4] [5] . The ratio between n-6 and n-3 PUFA in the diet appears to be more important for the fat and cholesterol metabolism in the body than their absolute concentrations [6] . the intake of n-6 and n-3 PUFA by humans in a ratio of 1 to 5:1 is recommended (EFSA, 2009). It is much easier to fix this ratio in poultry eggs [7] [8] [9] [10] [11] than other foods. It is well established that in poultry diets a minimum quantity of LNA is required for optimum egg production and egg quality. this is why, LNA content has been considered an essential component while formulating commercial layer diets. the LNA content should be at least 1 % of the commercial egg layer diets [12] , and by increasing ALA in proportion to LNA may cause a decrease in production performance due to the compromised LNA metabolism. the layer diets having high quantity of ALA but lower LNA may result into compromised production performance and egg characteristics [13] . therefore, there is a need to evaluate production performance of laying hens while incorporating lower LNA to ALA ratios in the diets to produce omega-3-enriched eggs. An optimum ratio between LNA and ALA is needed to be figured out which is best to produce omega-3-eggs without compromising production performance and other egg quality traits in laying hens.
During summer months, feeding of high PUFA content to laying hens to produce PUFA-enriched eggs can accelerate the process of lipid peroxidation in the tissue linings of reproductive organs. It is well established that the increased lipid peroxidation, ultimately, results into lower production performance in laying hens. this situation demands some additional antioxidant in the layer diets containing high PUFA content to check the negative effects of lipid peroxidation on production performance. this may be possible through vitamin A supplementation, as an antioxidant, in the diet of hens higher than the normal level of 3000 IU/kg of diet [12] . Dietary vitamin A supplementation higher than recommendations [12] can increase the content of this vitamin in the eggs [14] and also restores the normal activity of reproductive organs in laying hens kept at high ambient temperature [15] . this increased vitamin A content in PUFA-enriched eggs can also reduce the egg quality deterioration due to lipid peroxidation of PUFA during storage. Considering the above-mentioned facts, the current study was planned and executed to evaluate the effects of various dietary LNA to ALA ratios and vitamin A levels on production performance and egg characteristics in laying hens kept at high ambient temperature during summer months.
Materials and Methods

Birds, Housing, and Experimental Diets
Three hundred and sixty White Leghorn laying hens, at 40th week of age (average initial body weight; 1.79 ± 0.23 kg), were randomly divided into 30 groups (each comprising 10 birds) and twelve treatments were randomly assigned to three groups representing three replicates per teatment. the experimental treatments i.e. layer rations included various combinations of canola oil and linseed oil to have LNA to ALA dietary ratios of 20:1, 10:1, 4:1, 2:1, 1:1 and 1:2, each combined with 3000 or 10000 IU vitamin A/kg of diet (6 × 2 factorial design, under completely randomized Design). the hens were kept in cages (2 birds/cage) providing 0.093 m 2 floor space area to each, and at a high ambient temperature in the range of 29.3 °c to 37.4 °c (diurnal temperature), humidity 17.7% and pressure 1.010 bar throughout the experimental period of 12 weeks. the light regime was 16 Light: 8 Dark for all treatment groups. the layer diets for all treatment groups were iso-nitrogenous and iso-caloric and formulated according to National research council [12] recommendations for dietary needs of laying hens (table 1). The laying hens had ad-libitum access to feed and water throughout the experiment. the laying hens were vaccinated against Newcastle Disease Virus (NDV; live attenuated La sota strain) through drinking water at 30th day of the study.
Data Collection and Statistical Analyses
Proximate components of feed ingredients were analyzed [16] prior to formulation of layer diets. the egg production was recorded daily, while, feed intake and egg weights were recorded weekly. the data, thus collected, were used to compute feed conversion ratio (Fcr) per dozen of eggs and per kg egg mass. The egg-yolk weight, shell weight, shell thickness, and egg-shell breaking strength were measured on weekly basis for each replicate, separately. Egg-shell breaking strength was estimated by using egg-shell intensity meter's machine (Ogawa seiki co. Ltd., Japan). Haugh Unit score and yolk indices were also calculated by using formula.. the data were analyzed by two-way analysis of variance using General Linear Model (Minitab 13.1, Minitab Inc., state college, PA) and means were compared by Tukey's honestly sig- 
results
the decrease in dietary LNA to ALA ratio linearly decreased (P<0.05) body weight gain in hens during the study period, however, vitamin A levels had no effect (P>0.05) on weight gain of hens (table 2) . Varying dietary LNA to ALA ratios or vitamin A levels did not affect daily feed intake, hen-day and hen-housed egg production, and Fcr per dozen of eggs in laying hens. the feed conversion ratio per kg egg mass differ significantly (P<0.05) at various dietary LNA to ALA ratios, however, vitamin A supplementation was not effective (P>0.05) to produce any difference in Fcr/kg egg mass. the difference for Fcr/kg egg mass between the hens at diets with dietary LNA to ALA ratio of 10:1 and 1:2 was significant; however, hens in all other dietary LNA to ALA ratio groups did not differ with each other. As a whole, the best Fcr/ Dozen and Fcr/kg egg mass was observed in the hens at dietary LNA/ALA ratio of 1:2.
the egg weight varied significantly (P<0.05) with varying LNA to ALA ratios in the layers' diet being the heaviest for LNA to ALA ratio of 1:2, and the lowest for dietary LNA to ALA ratio of 10:1 (table 3) . However, the egg weight did not changed (P>0.05) with the increasing levels of vitamin A. The egg mass, egg-yolk weight, yolk index, and Haugh unit score were similar (P>0.05) for all dietary treatments (Table 3) . However, Egg-yolk weight as a percentage of egg weight differed significantly (P<0.05) between different dietary LNA to ALA ratios. the highest egg-yolk weight as a percentage of egg weight was observed in the group fed diets with LNA to ALA ratio of 4:1 and the lowest for those with dietary LNA to ALA ratio of 1:2.
Neither the egg-shell weight nor egg-shell breaking strength was affected (P>0.05) by varying dietary treatments, however, different dietary LNA to ALA ratios significantly (P<0.05) affected the egg-shell thickness ( Table  4 ). Higher shell thickness was noted for the hens fed on diets with LNA to ALA ratio of 2:1 and 1:1, compared to table 2. Effect of varying LNA to ALA ratio and vitamin A levels on body weight gain, feed intake, egg production and feed conversion ratio in laying hens. 
Discussion
Production Performance
In the present study, the body weight gain of layers during the experimental period was negatively affected by lowering LNA to ALA ratio in the diets (Figure 1 ). the ration with LNA to ALA ratio of 1:2 had more than 5 % linseed oil in it and the lowest body weight gain was observed in the laying hens on this ration. Linseed oil is rich in ALA, and it was reported earlier that ALA had a negative effect on body weight gain in birds by enhancing Interleukin-1 and tNF release [17] , as these factors reduce the growth of birds [18] . Increased amount of ALA in the ration might have caused the reduction in body weight gain in laying hens in the current study. the present results confirmed the previous findings depicting a decrease in body weight gain of laying hens fed on diets containing higher PUFA contents or lower LNA to ALA [19] [20] . On the other hand, few studies showed no effect of feeding different LNA to ALA ratios on body weight gain in laying hens [21] [22] . In the present study, higher level of vitamin A showed no influence on the body weight gain in layers which is similar to the previous findings [15, 23] . since feed intake was similar for all dietary treatments, it may, therefore, be suggested that lower LNA to ALA ratios in the diet had no detrimental effects on feed intake in the laying hens. Feed intake data for hens on diets with various LNA to ALA ratios did not show any palatability problems, which is in agreement with the results of previous studies [24] [25] . Similarly, no differences in the henday and hen-housed egg production were recorded for the laying hens at diets with decreasing LNA to ALA ratios or increasing vitamin A levels. since, all the rations were iso-nitrogenous and iso-caloric, and the feed intake was similar in all treatment groups, this might explain the similar egg production for all treatment groups. Further, since the laying hens were reared into a similar environment but with comparatively cooler temperatures during early age than were recorded during the experimental period, they might have shown some biological adaptation to stress resulting from high temperatures. the present results proved that the combination of canola and linseed oil to attain desirable LNA to ALA ratios in the layer diets had no harmful effects on laying performance of hens. the results presented here confirmed the findings of previous studies showing no production problems when the hens were fed on different dietary sources of n-3 PUFA or various LNA to ALA ratios [24, [26] [27] [28] [29] . However, few researchers found an increase in egg production in hens with higher n-3 PUFA levels in the diet [19, 30] . As the feed intake and the egg production were not affected by dietary treatments, the Fcr per dozen of eggs was also unchanged, which supplements the previous research [21] [22] . However, the Fcr per kg egg mass differed significantly for groups on various LNA to ALA ratios in the diets, probably, due to the fact that the egg weight differed significantly among these groups. Although all diets for this study were iso-nitrogen and iso-caloric, but the ether extract concentration increased, while crude protein to ether extract ratio decreased with decreasing dietary LNA to ALA ratio. Owing to the lower heat increment of lipid compared to either carbohydrate or protein, one might expect extra benefit of lipid inclusion in the diet to moderate heat stress in avian. However, when chickens were reared in a warm environment, the body weight response to increased dietary energy level occurred only when adequate amino acid levels were supplied [31] . Increasing dietary ME at particular amino acid to ME ratios significantly improves the growth and feed utilization of chickens kept at 18-26 and 25-35 ℃ ambient temperatures during the finishing period. the optimum amino acid to ME ratio varies with the dietary ME concentration in a hot, but not in a moderate environment. relatively greater increases in feed intake and growth rate occur in a hot environment when dietary ME increases and the amino acid to ME ratio decreases. Increasing the dietary protein at particular ME concentrations had little or no effect on the feed intake and growth rate of birds kept at high temperatures [32] . the dietary amino acid to ME ratio were not altered for various dietary combinations in the present study, therefore, any effects of lipid supplementation to moderate heat stress can be excluded.
Egg Characteristics
the egg weight for different treatment groups showed a significant difference; it dropped when LNA to ALA ratio dropped from 20:1 to 10: 1 and then rose again with decreasing dietary LNA to ALA ratios (Figure 1) . the group at LNA to ALA ratio of 1:2 produced heaviest eggs among all treatment groups; this increase in egg weight seemed to be an occasional observation. It is also important to describe that all LNA to ALA ratios were non-significant with each other from ratio of 20:1 to 1:1 in the diets. Apparently, egg weight tended to be almost similar for all dietary LNA to ALA ratios and for both vitamin A levels. Egg mass produced by the hens at various dietary LNA to ALA ratios and vitamin A levels was not different. From these results, it might be possible to suggest that the decrease in LNA to ALA ratio in the diet did not have any pronounced effect on egg mass in laying hens. Internal egg quality parameters like yolk weight, yolk index and Haugh unit score were not affected by dietary manipulation. However, egg-yolk weight as percentage of egg weight was decreased significantly for dietary LNA to ALA ratios of 1:1 and 1:2. Yolk weight % showed a decreasing trend in the hens with the decrease in LNA to ALA ratio in the feed except for the hens at dietary LNA to ALA ratio 4:1 which showed highest yolk weight percentage. The decrease in yolk weight in response to n-3 PUFA diets might be related to the influence of n-3 PUFA on hepatic lipid metabolism and particularly to the decrease in the level of circulating lipids of birds which are the source of yolk lipids [33] . Van Elswyk [34] unrevealed that feeding linseed to laying hens decreased yolk weight and proposed that yolk weight reduction is related to changes in circulating estradiol brought about by either n-3 PUFA. Vitamin A did not influence the yolk weight % of hens in present study. the Present results are in agreement with findings of [35] [36] [37] but, in disagreement with few previous
reports showing no effect of dietary LNA to ALA ratios or higher PUFA contents on internal egg quality [38] [39] .
the response of laying hens to various dietary treatments for egg shell quality parameters like egg-shell weight and egg-shell breaking strength was non-significant. But, the egg-shell thickness differed significantly between various LNA to ALA ratios with no effect of vitamin A on it. Although the egg-shell thickness differed significantly at different LNA to ALA ratios, no clear trend for increase or decrease was found. From these results it could be hypothesized that higher levels of PUFA or lower LNA to ALA ratios, and vitamin A in the diets had no relation with egg-shell quality, similar were the findings of previous studies [38, 40] . richter et al. [41] in five experiments with a large number of laying hens from 21st to 72nd week of age found lower feed intake, egg production, egg weight and feed efficiency per 100 g egg weight without vitamin A supplementation. their studies included evaluation of vitamin A supplementation ranging from 0-10000 IU per kg mixed feed and concluded that 2500 IU vitamin A per kg feed are required for optimal egg production, that 4000 IU vitamin A are required for optimal egg production including a body reserve, and the supplementation of 6000 IU per kg mixed feed are recommended considering a safety disk.
conclusion
From the results of the present study, it is evident that feeding high PUFA with lower LNA/ALA ratio in the diet of laying hens can result into PUFA-enriched eggs, with negligible negative effects on few of the production performance and egg quality traits -mainly body weight gain and egg-yolk percentage. Since no clear trends were observed for various production and egg quality traits with varying LNA/ALA ratios, a 4:1 or 2:1 combination can make a borderline between the production traits and the feed economics. It is further suggested that higher amount of vitamin A in the diet has off-set lipid peroxidation, if any, induced by heat stress and higher dietary PUFA contents. 
